Before measurement, a strong switching pulse is applied for ~1 ms to create a mono-domain state. The sequence of pulses are applied in a certain time interval . The amplitude of the pulses is chosen to be 1.1 C at 2000 Hz. The are 100 s and 20 s for BFO/LSMO and BFO/SRO, respectively.
Between each pulse, PFM image scans are performed. (b) The obtained PFM images by the sequence described in (a). Bright and dark regions represent domains with upward and downward polarization, respectively. Scale bars, 10 μm. All PFM phase images were obtained at the same location of each film.
The salient feature of these images is that the domains exhibit a highly elongated shape, and propagate preferentially in the vertical direction. Since the substrate miscut is along the horizontal (arrows in Fig.   2a,b) , we infer that the domain walls move much faster along the step edge than in a direction parallel with the miscut, giving rise to anisotropic quasi-one dimensional (1D) propagation 
III. Discussion of hysteretic phase diagram of ac-dynamics
For fully-saturated -hysteresis loop measurements, all domains are switched to one mono-domain at the maximum value of field. For a reversed domain to nucleate, it must first overcome the activation energy barrier. Since, in epitaxial films, the activation barrier is generally higher than the depinning barrier 2 , the dynamics of a freshly-nucleated domain are described by the creep regime. For this reason, we replace the relaxation regime of Natterman's theory by a regime labelled 'no nuclei'. In this case, the existence of the v=0 regime below N is due to the fact that there is no domain wall in the system.
We now consider the typical pinning energy of a domain wall 36 , P , and we define a temperature P = P / B , which can be thought of as a 'pinning temperature'. For temperatures above this threshold, i.e. > P , thermally-induced hopping (creep) is possible and the hysteretic behaviour of the system exhibits a dynamic crossover at cr , separating the creep and viscous flow regimes. In this temperature window, a domain wall first undergoes motion in the creep regime, after which, upon increasing , it can enter the flow regime. It is important to remember that this boundary is not an abrupt transition but a crossover (as in Fig. 1a) , whereby a gradual change occurs over a rather broad E range around the transition threshold.
For ≪ P , that is, when the thermal energy is lower than the typical pinning energy, the critical depinning regime plays a role in the hysteretic dynamics. In this temperature window, the domain propagation is strongly pinned by disorder until the drive field reaches a dynamic threshold EC0. At ≈ C0 , the domain undergoes a pinning-depinning transition and begins to propagate (Fig.   1a , red dashed line) with velocity ∝ ( − 0 ) , where the critical exponent  is determined by pinning forces and the fractal nature of the system. Since, in this case, is not governed by thermallyactivated hopping, creep motion is suppressed, and cr has no meaning. In other words, immediately after a given domain wall nucleates, it passes directly into the flow regime without experiencing creep motion.
As described in Fig 4d, an ac measurement is performed along the horizontal lines (e.g. 1 ( )).
The measurement frequency defines how quickly the ac field moves on this line. Depending on frequency, the absolute time the field stays in each regime is different (see Supplementary Fig 5c) , We point out here that the absence of P for BFO/SRO is not the result of the limited temperature range of the measurements. In fact, the mechanism for the creep-free regime in BFO/LSMO at low temperature is fundamentally different from the mechanism for creep-free behaviour in BFO/SRO at higher temperatures. To understand this difference, consider P = P / B , (where B is Boltzmann's constant) the pinning energy barrier required (>300 K) for the system to exhibit the critical region, is not consistent with the fast domain wall propagation observed in the BFO/SRO system. Note that the N value is quite large for this film (Fig. 2f) . So when a reversed domain becomes nucleated, the domain walls start to flow without creep motion. These sites also hinder subsequent domain wall propagation. Note that the inhomogeneous act the same role as quenched defect of FE films for both nucleation [4] [5] [6] and propagation [7] [8] [9] [10] [11] of domain walls. a b
